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(57) ABSTRACT

Disclosed is a method of traffic congestion estimation
including a speed detection step of detecting speed of a
vehicle in a predetermined period of time and outputting the
detection result; a frequency analysis step of analyzing a
frequency of the result of the speed detection and outputting
the power spectrum; a slope detection step of detecting a
slope of a power spectrum and outputting the detection
result; a time variation calculation step of calculating time
variation of the slope and outputting the calculation result;
and a traffic congestion estimation step of estimating occur-
rence of traffic congestion from the calculation result of the
time variation of the slope and outputting the estimation
result.
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1
METHOD OF TRAFFIC CONGESTION
ESTIMATION

CROSS REFERENCED TO RELATED
APPLICATION

This application is a National Stage entry of International
Application PCT/JP2011/062682, filed Jun. 2, 2011, which
claims priority to Japanese Patent Application No. 2010-
147570, filed Jun. 29, 2010, the disclosure of the prior
application(s) are hereby incorporated in their entirety by
reference.

TECHNICAL FIELD

The present invention relates to a method of traffic con-
gestion estimation.

Priority is claimed on Japanese Patent Application No.
2010-147570, filed Jun. 29, 2010, the content of which is
incorporated herein by reference.

BACKGROUND ART

In the related art, for example, an apparatus installed in a
vehicle has been known in which another vehicle is detected
by a millimeter wave radar device, vehicle density between
the other vehicle which is within a predetermined distance
from the vehicle and the other vehicle is calculated and,
further, it is determined whether a traveling state of the
vehicle is a cause of traffic congestion by using critical
density in accordance with the speed of the vehicle to report
the determination result to a driver (for example, refer to
Patent document 1).

DOCUMENTS OF THE PRIOR ART
Patent Documents

[Patent document 1] Japanese Unexamined Patent Appli-
cation, First Publication No. 2009-286274

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

However, according to the apparatus in the related art,
since a determination process using the vehicle density is
simple, there is a problem that it is difficult to improve the
estimation accuracy of the traffic congestion.

The object of the present invention is to provide a method
of traffic congestion estimation which is capable of appro-
priately improving the estimation accuracy of the traffic
congestion.

Means for Solving the Problem

In order to solve the above problem to achieve the object,
the present invention employed the following.

(1) According to a first aspect of the present invention,
there is provided a method of traffic congestion estimation
including a speed detection step of detecting speed of a
vehicle in a predetermined period of time and outputting the
detection result (for example, Step S01 in the embodiment),
a frequency analysis step of analyzing a frequency of the
result of the speed detection and outputting the power
spectrum, a slope detection step of detecting a slope of a
power spectrum and outputting the detection result, a time
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2

variation calculation step of calculating time variation of the
slope and outputting the calculation result, and a traffic
congestion estimation step of estimating occurrence of traf-
fic congestion from the calculation result of the time varia-
tion of the slope and outputting the estimation result.

(2) The method of traffic congestion estimation according
to (1) may further include an extreme value detection step of
detecting a plurality of extreme values from the calculation
result of the time variation of the slope and outputting the
detection result, and another vehicle detection step of detect-
ing a traveling condition of the other vehicle by a radar
device and outputting the detection result, and the occur-
rence of the traffic congestion may be estimated using
Bayes’ theorem from the detection result of the plurality of
extreme values and the detection result of the traveling
condition of the other vehicle in the traffic congestion
estimation step.

(3) The method of traffic congestion estimation according
to (1) may further include a communication step of trans-
mitting the estimation result output from the traffic conges-
tion estimation step to the other vehicle through communi-
cation.

(4) The method of traffic congestion estimation according
to (1) may further include a communication step of com-
municating with a preceding vehicle of the vehicle and
transmitting a signal of the traveling state of the preceding
vehicle which instructs traveling control performance in
which a following vehicle of the preceding vehicle avoids
the traffic congestion of the preceding vehicle when the
occurrence of the traffic congestion is estimated from the
estimation result.

(5) The method of traffic congestion estimation according
to (1) may further include a cancellation step of canceling a
vehicle to vehicle distance adjustment operation which
automatically adjusts a vehicle to vehicle distance between
the vehicle and a preceding vehicle when the occurrence of
the traffic congestion is estimated from the estimation result.

Effects of the Invention

In the case of (1), it is possible to estimate the occurrence
of the traffic congestion without relying on the information
obtained from the outside of the vehicle by using the
detection result of the speed of the vehicle which can be
directly detected in real time.

Moreover, the slope in a predetermined frequency range
is detected from the power spectrum obtained by analyzing
the frequency of the speed and the occurrence of the traffic
congestion is estimated from the time variation of the slope
so that it is possible to easily improve the estimation
accuracy.

In the case of (2), it is possible to accurately estimate a
probability that the state of the traffic flow transitions to
various kinds of states including the traffic congestion state
using Bayes’ theorem from the plural extreme values of the
time variation of the slope in the power spectrum and the
traveling condition of other vehicle (for example, the num-
ber of other vehicles present in a predetermined range
outside of the vehicle and a distribution state of the vehicle
to vehicle distance between the vehicle and multiple other
vehicles).

In the case of (3), the estimation result is directly trans-
mitted to the other vehicle or indirectly transmitted to the
other vehicle through an appropriate relay station so that the
other vehicle is likely to avoid the traffic congestion.

In the case of (4), the estimation result is directly trans-
mitted to the preceding vehicle or indirectly transmitted to
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the preceding vehicle through an appropriate relay station so
that the vehicle is likely to avoid the traffic congestion.

In the case of (5), an excessive automatic adjustment of
the vehicle to vehicle distance is prevented and an intention
of a driver can be accurately reflected in the automatic
adjustment of the vehicle to vehicle distance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a configuration view of a traffic congestion
estimation apparatus according to an embodiment of the
present invention.

FIG. 2 is a graph showing an example of a speed spectrum
according to the embodiment.

FIG. 3 is a graph showing a spectrum example of a
squared value (Ac.)* of difference Ac. of a slope o in time
variation according to the embodiment.

FIG. 4 is a view showing a state of traffic flow according
to the embodiment.

FIG. 5A is a graph showing a spectrum example of the
time variation of the squared value (Ac)? in the difference
Aa. of the slope a according to the embodiment.

FIG. 5B is a graph showing a spectrum example of the
time variation of the squared value (Ac)? in the difference
Aa. of the slope a according to the embodiment.

FIG. 6 is a view showing an example of a region in which
each pattern A and B is present in a rectangular coordinate
plane with a spectrum extreme value and an inverse of a
vehicle to vehicle distance minimum value according to the
embodiment.

FIG. 7 is a view showing an example of probability
density f,(x) of a data point x by the number of detection and
the number of spectrum extreme values according to the
embodiment.

FIG. 8 is a flowchart showing a process of a method of
traffic congestion estimation according to the embodiment.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

Hereinafter, an embodiment of a method of traffic con-
gestion estimation according to the present invention will be
described with reference to the appended drawings.

The method of traffic congestion estimation according to
the embodiment is realized by, for example, traffic conges-
tion estimation apparatus 10 mounted in a vehicle.

For example, as shown in FIG. 1, the traffic congestion
estimation apparatus 10 according to the embodiment
includes a vehicle speed sensor 11, a radar device 12, a
navigation device 13, a processing device 14, a switch 15, a
throttle actuator 16, a brake actuator 17, a steering actuator
18, a display unit 19, a speaker 20 and a communication
device 21.

The vehicle speed sensor 11 detects speed of a vehicle
(vehicle speed) and outputs the signal of the detection result.

The radar device 12 divides a detection target region
which is set on the outside of the vehicle into plural angle
regions and transmits transmission signals of an infrared
laser, electromagnetic waves such as millimeter waves so as
to perform scanning in each angle region. Then, the radar
device 12 receives reflected signals generated in such a
manner that each transmission signal is reflected by an
external object of the vehicle (for example, other vehicle, a
structure, a road surface). Then, the signals according to the
transmission signals and the reflected signals are output to
the processing device 14.
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For example, the radar device 12 divides a detection target
region in a predetermined angle range from the vehicle into
multiple vertical angle regions of the vertical direction of the
vehicle and multiple horizontal angle regions of the hori-
zontal direction of the vehicle. Then, while the vertical angle
regions are sequentially switched, for example, from above
to below in the vertical direction, the radar device transmits
electromagnetic waves to each of the vertical angle regions
and while the horizontal angle regions are sequentially
switched, for example, from the left to the right in the
horizontal direction, the radar device transmits electromag-
netic waves to each of the horizontal angle regions.

The navigation device 13 receives a positioning signal
such as a GPS (Global Positioning System) signal to mea-
sure the position of the vehicle by using, for example, a
satellite and calculates the current position of the vehicle
based on the positioning signal.

In addition, for example, the navigation device 13 calcu-
lates the current position of the vehicle by a calculation
process of autonomous navigation based on the speed of the
vehicle (vehicle speed) and a yaw-rate detection signal
output from the vehicle speed sensor 11 and a yaw-rate
sensor (not shown).

In addition, the navigation device 13 includes map display
data to display a map on the display unit 19 and road
coordinate data which is required for a map matching
process based on the current position of the vehicle as map
data. Furthermore, the navigation device 13 includes data
required for a process such as a path search process or a path
guide process, for example, data about each node, which is
a point including the latitude and longitude of a predeter-
mined position, such as an intersection or a junction, and
road data including a link which is a line linking the
respective nodes used as map data. In addition, various kinds
of information are added to the node and the link.

Then, the navigation device 13 performs the map match-
ing process based on the information of the current position
of the vehicle obtained from the respective calculation
processes of the positioning signal and autonomous naviga-
tion or any one of the calculation processes with respect to
the road data to correct the result of the position detection.

In addition, the navigation device 13 performs a process
such as a path search process or a path guide process of the
vehicle according to an input operation of an operator,
outputs path information and various kinds of additional
information to a destination on the display unit 19 with the
road data and outputs various kinds of voice messages from
the speaker 20.

Then, the navigation device 13 can perform a navigation
process such as a path search process or a path guide process
of the vehicle based on an estimation result of occurrence of
traffic congestion output from a traffic congestion estimation
unit 38 which will be described later and an estimation result
of the estimated traffic congestion of another vehicle output
from a communication control unit 41 which will be
described later, for example, so as to avoid traffic conges-
tion.

The processing device 14 includes, for example, a fre-
quency analysis unit 31, a slope calculation unit 32, a time
variation calculation unit 33, an extreme value extraction
unit 34, a reflection point detection unit 35, another vehicle
detection unit 36, a vehicle to vehicle distance detection unit
37, the traffic congestion estimation unit 38, a traveling
control unit 39, a reporting control unit 40 and the commu-
nication control unit 41.
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Then, various kinds of signals related to travel control of
the vehicle output from the switch 15 are input to the
processing device 14.

As the signals output from the switch 15, for example,
there is a signal related to an operation state of a brake pedal
(not shown) due to a driver, a signal related to an operation
state of an accelerator pedal (not shown) due to a driver, a
signal that instructs the starting or stopping of performing
autonomous traveling control which automatically controls
a travel state of a vehicle according to an input state of a
driver, a signal that instructs the increase or decrease of
target vehicle speed in the autonomous traveling control and
a signal that instructs the increase or decrease of a target
vehicle to vehicle distance with respect to a vehicle to
vehicle distance between the vehicle and the other vehicle
(for example, a preceding vehicle) in the autonomous trav-
eling control (for example, the following traveling control
that automatically follows a preceding vehicle).

For example, the frequency analysis unit 31 analyzes the
frequency of the detection result of the speed of the vehicle
(vehicle speed) output from the vehicle speed sensor 11, for
example, to output a power spectrum that changes according
to a frequency of a speed spectrum as shown in FIG. 2.

The slope calculation unit 32, for example, calculates a
simple regression line in the power spectrum output from the
frequency analysis unit 31 and a slope and an intercept (a
spectrum value when the frequency is zero) of the simple
regression line are calculated. Then, for example, the slope
a represented by the following expression (1) is calculated
based on variable X of a spectrum value in a predetermined
frequency range (for example, which is a frequency range
corresponding to a time range of several seconds to several
minutes, such as a frequency range of 0 to 0.5 Hz) Y to
output the calculation result.

[Expression 1]

M

Y
@ =tan|f| = X

The time variation calculation unit 33 calculates, for
example, the difference of the slope a output from the slope
calculation unit 32, that is, the difference Ac. of a current
value o, and a previous value a,_; of the slope o with a
predetermined time interval by an arbitrary natural number
k, for example, based on the following expression (2).
[Expression 2]

Aa=0y—0y

@

The extreme value extraction unit 34 extracts an extreme
value (for example, an extreme value of a squared value
(Ac)?) from time variation of difference Ac. or from time
variation of a predetermined parameter (for example, a
squared value (Aa)® or an absolute value |Aal) by the
difference Ac, on the basis of the difference Aa of the slope
a output from the time variation calculation unit 33 to output
the extraction result.

For example, the extreme value extraction unit 34 extracts
the extreme value of the squared value (Ac)® at time t1 by
determining whether each spectrum value is larger than a
predetermined threshold value X,, which is represented by
the following expression (3) with respect to the spectrum of
the time variation of the squared value (Ac.)* shown in FIG.
3.
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For example, in the following expression (3), the prede-
termined value X, is represented by an average value (X)
of the spectrum values and double (20) a standard deviation
o (X).

[Expression 3]

X nX)+20(X) 3

The reflection point detection unit 35 detects the position
of'the reflection point of the reflected signal, for example, on
the basis of the signal output from the radar device 12 to
output the detection result.

The other vehicle detection unit 36 detects at least one or
more other vehicles present outside the vehicle, in accor-
dance with a distance between adjacent reflection points and
a distribution state of plural reflection points, for example,
based on the detection result of the position of the reflection
point output from the reflection point detection unit 35 to
output the detection result.

The vehicle to vehicle distance detection unit 37 detects
a vehicle to vehicle distance between the vehicle and other
vehicle, for example, based on the detection result of at least
one or more other vehicles output from the other vehicle
detection unit 36 to output the detection result together with
the number of detected other vehicles.

The traffic congestion estimation unit 38 performs, for
example, division into two patterns A and B in accordance
with the extraction result of the extreme value output from
the extreme value extraction unit 34 and estimates the
occurrence of the traffic congestion for each pattern A and B
to output the estimation result.

In the traffic congestion estimation unit 38, the extreme
value extracted from the extreme value extraction unit 34 is
related to a formation process of a vehicle group in front of
a traveling direction of the vehicle and the value is obtained
by unique speed variance of the vehicle when a state of
traffic flow transitions from a metastable flow to a mixed
flow.

Furthermore, for example, as shown in FIG. 4, in the
rectangular coordinate plane with a traffic amount which is
the number of vehicles passing a predetermined point in a
predetermined time and traffic density which is the number
of vehicles present in a predetermined distance range, the
state of traffic flow is divided into a free flow which has a
low possibility of the traffic congestion, the mixed flow in
which a control state and an acceleration state of the vehicle
are mixed, a traffic congestion flow which is a traffic
congestion state, and the metastable flow which is a transi-
tion state present in the middle of transitioning between the
free flow and the mixed flow. In particular, the mixed flow
is a state before the transition to the traffic congestion flow
and is a state having a high probability of the transition to the
traffic congestion flow due to decreasing the traffic amount
and increasing the traffic density since the degree of freedom
in the driving of a driver is decreased. In addition, the
metastable flow is a state where the traffic amount and the
traffic density are high in comparison with the free flow and
is a state of the transition to the mixed flow due to decreasing
the traffic amount and increasing the traffic density.

The traffic congestion estimation unit 38 has the pattern A
which is a state where certainty correlated to the metastable
flow is high when only one extreme value that is larger than
a predetermined value A is extracted, for example, like one
extreme value of the squared value (Ac.)® in time to shown
in FIG. 5A. For example, specifically, it is considered that
the state where only one large extreme value is extracted
corresponds to a state where one large vehicle group is
formed in front of the traveling direction of the vehicle in
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this manner. In the pattern A, the probability of the transition
from the metastable flow to the mixed flow and, further,
from the mixed flow to the traffic congestion flow is a
predetermined probability (for example, 80% and the like)
or more and it is determined that the traffic congestion is
likely to occur. In other words, it is considered that the
pattern A is a state in which the unique speed variance of the
vehicle is clearly observed in a state where the transition
from the metastable flow to the traffic congestion flow has
started.

In addition, the traffic congestion estimation unit 38 has
the pattern B which is a state where uncertainty correlated to
the metastable flow is high when the extreme values which
are smaller than a predetermined value A are extracted, for
example, like the extreme values of the squared value (Ac)?
in times tb, tc and td shown in FIG. 5B. For example,
specifically, it is considered that the state where the plural
small extreme values are extracted corresponds to a state
where esmall vehicle groups are formed in front of the
traveling direction of the vehicle in this manner. In the
pattern B, the probability of the transition from the meta-
stable flow to the mixed flow and, further, from the mixed
flow to the traffic congestion flow is less than a predeter-
mined probability (for example, 80% and the like) and it is
determined whether the traffic congestion occurs is uncertain
based on only the extreme value extracted by the extreme
value extraction unit 34.

Then, in the pattern B, the occurrence of the traffic
congestion is predicted based on Bayes’ theorem by using
the detection result of traveling conditions of the other
vehicle (for example, the number of the other vehicles
detected by the other vehicle detection unit 32 and the
detection result of the vehicle to vehicle distance between
the vehicle and other vehicle output from the vehicle to
vehicle distance detection unit 37) in addition to the extreme
value extracted from the extreme value extraction unit 34
with respect to the forming process of a vehicle group.

For example, as shown in FIG. 6, each pattern A and B has
a separate region where each pattern is present in the
rectangular coordinate plane due to the spectrum extreme
value (for example, the extreme value of the squared value
(A)?) and the inverse of the vehicle to vehicle distance
minimum value (the minimum value in the detection result
of the vehicle to vehicle distance between the vehicle and
other vehicle output from the vehicle to vehicle distance
detection unit 37). In other words, the pattern A is present in
the region in which the spectrum extreme value and the
inverse of the vehicle to vehicle distance minimum value are
large and the pattern B is present in the region in which the
spectrum extreme value and the inverse of the vehicle to
vehicle distance minimum value are small.

The inverse of the vehicle to vehicle distance minimum
value is related to the forming process of a vehicle group
such that, for example, specifically, a state where the inverse
of the vehicle to vehicle distance minimum value is large
corresponds to a state where a large vehicle group is formed
in front of the traveling direction of the vehicle and a state
where the inverse of the vehicle to vehicle distance mini-
mum value is small corresponds to a state where a small
vehicle group is formed in front of the traveling direction of
the vehicle.

The traffic congestion estimation unit 38 estimates prob-
ability density f(x) of a data point x by a kernel density
estimation method using an appropriate bandwidth h such
that data X, (i=1, . . ., n) using arbitrary numbers i and n is
set as a combination of the number of the detection (for
example, the number of the detected other vehicles) and the
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number of the spectrum extreme values (for example, the
number of plural extreme values of the squared value (Ac.)*)
at an appropriate point in time, for example, as represented
by the following expression (4) and as shown in FIG. 7.
Then, the estimated probability density f, (x) is a probability
(posterior probability) P(XIB) that an event X (X=X,
(i=1, ..., n))is generated while the generation of the pattern
B is set as a condition. In other words, for example,
specifically, a state where the number of detection is large is
a state where the vehicle group is formed in front of the
traveling direction of the vehicle and, further, a state where
the number of the spectrum extreme values is present is a
state where the vehicle groups are formed, which corre-
sponds to the pattern B.

Here, a kernel function k represented by the following
expression (4) is, for example, a gauss function of which the
average value is zero and the distribution is 1.

[Expression 4]

ok @
PXIB) = fx(X) = ﬁz K[ hX‘)

i=1

Then, for example, as represented by the following
expressions (5) and (6), the traffic congestion estimation unit
38 calculates each probability P(AIX) and P(BIX) using
Bayes’ theorem based on the probability P(XIB) described
by the above expression (4), the probability (posterior prob-
ability) P(XIA) that the event X (X=X, (i=l, ..., n)) is
generated while the occurrence of the pattern A is set as a
condition, the probability P(A) that the pattern A is gener-
ated and the probability P(B) that the pattern B is generated.

[Expression 5]

PAIX) = P(X|A)P(A) )
" P(X|A)P(A) + P(X|B)P(B)
[Expression 6]
P(X|B)P(B) (6)

PBIO = P(X|A)P(A) + P(X|B)P(B)

The probability P(AIX) is a probability that the pattern A
is generated while the generation of the event X (X=Xi
(i=1, ..., n)) is set as a condition, that is, a probability that
the pattern A is generated the next time and, as described
above, the pattern A is a state in which the probability of the
transition from the metastable flow to the mixed flow, and
further, from the mixed flow to the traffic congestion flow is
a predetermined probability (for example, 80% and the like)
or more.

The probability P(BIX) is a probability that the pattern B
is generated while the generation of the event X (X=Xi
(i=1, ..., n)) is set as a condition, that is, a probability that
the pattern B is generated the next time and as described
above, the pattern B is a state in which the transition from
the mixed flow to the traffic congestion flow is uncertain.

Here, each probability P(A) and P(B) is the previous value
of each probability P(AIX) and P(BIX) and the initial value
is a predetermined value (for example, 50% and the like).

In addition, the probability P(XIA) that the event X (X=X,
(i=1, ..., n))is generated while the generation of the pattern
A is set as a condition is, for example, a probability
(1-P(XIB)) other than the probability P(XIB).
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In other words, for example, as shown in FIG. 6, the traffic
congestion estimation unit 38 calculates each probability
P(AIX) and P(BIX) including the mutual transition between
the pattern A and the pattern B, as well as the transition to
themselves in each pattern A and pattern B, using Bayes’
theorem.

Then, the traffic congestion estimation unit 38 determines,
for example, whether the probability P(AIX) that the pattern
A is generated next time is a predetermined value or more
and further, whether the probability P(BIX) that the pattern
B is generated next time is less than a predetermined value,
so as to estimate the presence of the possibility that the
traffic congestion can occur (or the traffic congestion is
likely to occur or the traffic congestion is not likely to occur).

The traffic congestion estimation unit 38 outputs the
estimation result to the navigation device 13, the traveling
control unit 39 and the reporting control unit 40 when the
estimation of the occurrence of the traffic congestion is
performed. Moreover, the position information such as the
current position of the vehicle and a predetermined region
around the current position on the map data is obtained from
the navigation device 13 and the estimation result and the
position information are associated with each other to be
stored and output to the communication control unit 41.

In addition, when the traffic congestion estimation unit 38
directly transmits the estimation result with the communi-
cation device 21 or transmits the estimation result to a
preceding vehicle of the vehicle through an appropriate
server apparatus (not shown) and a relay station (not shown)
in the case of outputting the estimation result to the com-
munication control unit 41, a command to instruct the
changing of the traveling state of the preceding vehicle to a
traveling state where a following vehicle of the preceding
vehicle is not likely to generate the traffic congestion (that is,
a signal that instructs traveling control performance to avoid
the traffic congestion) may be added.

The traveling control unit 39 controls the traveling of the
vehicle by controlling, for example, the throttle actuator 16,
the brake actuator 17 and the steering actuator 18 based on
the estimation result of the occurrence of the traffic conges-
tion output from the traffic congestion estimation unit 38, the
estimation result of the occurrence of the estimated traffic
congestion of the other vehicle output from the communi-
cation control unit 41 which will be described later, various
kinds of signals output from the switch 15, the detection
result of the speed of the vehicle (vehicle speed) output from
the vehicle speed sensor 11, and the detection result of the
vehicle to vehicle distance output from the vehicle to vehicle
distance detection unit 37.

For example, the traveling control unit 39 starts or stops
performing the autonomous traveling control according to
the signals output from the switch 15, or sets or changes
target speed and a target vehicle to vehicle distance in the
autonomous traveling control.

In addition, for example, when it is determined that there
is a possibility that the traffic congestion can occur in front
of the traveling direction of the vehicle in the estimation
result output from the traffic congestion estimation unit 38,
the traveling control unit 39 sets the target speed and the
target vehicle to vehicle distance required for the vehicle to
avoid the traffic congestion (for example, for transitioning
the state of the traffic flow from the metastable flow to the
free flow). Then, the autonomous traveling control, to main-
tain the target vehicle speed and the target vehicle to vehicle
distance, is performed. For example, the autonomous trav-
eling control means constant speed traveling control which
makes actual vehicle speed equal to the target vehicle speed
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10

and vehicle to vehicle distance control which makes an
actual vehicle to vehicle distance equal to the target vehicle
to vehicle distance (for example, the following traveling
control) with respect to the other vehicle (for example, a
preceding vehicle).

In addition, for example, when it is determined that there
is a possibility that the traffic congestion can occur in front
of the traveling direction of the vehicle in the estimation
result of the occurrence of the estimated traffic congestion to
the other vehicle (for example, a preceding vehicle or a
following vehicle) output from the communication control
unit 41 which will be described later, the traveling control
unit 39 sets the target vehicle speed and the target vehicle to
vehicle distance required for the vehicle to avoid the traffic
congestion and further, for the following vehicle of the
vehicle to not be likely to generate the traffic congestion or
changes the traveling state of the vehicle.

The reporting control unit 40 controls various kinds of
reporting operations by controlling, for example, the display
unit 19 and the speaker 20 based on the estimation result of
the traffic congestion output from the traffic congestion
estimation unit 38 and the estimation result of the occur-
rence of the estimated traffic congestion to the other vehicle
(for example, a preceding vehicle or a following vehicle)
output from the communication control unit 41 which will
be described later.

For example, the reporting control unit 40 reports the
presence of the possibility that the traffic congestion can
occur in front of the traveling direction of the vehicle (or the
traffic congestion is likely to occur or the traffic congestion
is not likely to occur), information on the position where the
occurrence of the traffic congestion is estimated, and driving
operation instructions which are required for the vehicle to
avoid the traffic congestion and further, for the following
vehicle of the vehicle to not be likely to generate the traffic
congestion.

The communication control unit 41 communicates with
the other vehicle or an appropriate server apparatus (not
shown) and a relay station, for example, through radio
communication by the communication device 21, and makes
the estimation result of the occurrence of the traffic conges-
tion output from the traffic congestion estimation unit 38 and
the position information associated with each other to trans-
mit or receive the information in which the estimation result
with respect to the occurrence of the estimated traffic con-
gestion to the other vehicle and the position information are
associated with each other. Then, the associated information
of the estimation result with respect to the occurrence of the
traffic congestion obtained from the outside and the position
information is output to the navigation device 13, the
traveling control unit 39 and the reporting control unit 40.

The traffic congestion estimation apparatus 10 according
to the embodiment is provided with the above configuration
and the operations of the traffic congestion estimation appa-
ratus 10, particularly, a process of the method of traffic
congestion estimation will be described below.

First, for example, the speed of the vehicle (vehicle speed)
is detected by the vehicle speed sensor 11 in Step S01 shown
in FIG. 8.

Next, the frequency of the detection result of the speed of
the vehicle (vehicle speed) output from the vehicle speed
sensor 11 is analyzed to output a power spectrum which
shows changes according to the frequency of the speed
spectrum in Step S02.

Next, the simple regression line of the power spectrum is
calculated and the slope and the intercept (the spectrum
value when the frequency is zero) of the simple regression
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line are calculated in Step S03. Then, the slope a, for
example, represented by the above expression (1) is calcu-
lated based on change X of the spectrum value in a prede-
termined frequency range (for example, a frequency range of
0t0o 0.5Hz) Y.

Next, the difference Aa of the current value o, and the
previous value o, of the slope a with a predetermined time
interval is calculated in Step S04 and the spectrum of time
variation of the squared value (Ac.)? in the difference Aa. is
calculated.

Next, it is determined whether an extreme value which is
larger than a predetermined threshold value X,, in the
spectrum of the time variation of the squared value (Ac.) is
present in Step S05.

If the determination result is “NO”, the process ends.

On the other hand, if the determination result is “YES”,
the process proceeds to Step S06.

Next, in Step S06, it is determined whether only one
extreme value is present. If the determination result is “NO”,
the process proceeds to Step S08 which will be described
later.

On the other hand, if the determination result is “YES”,
the process proceeds to Step S07, it is determined that the
probability of the transition from the metastable flow to the
mixed flow and further, from the mixed flow to the traffic
congestion flow, is a predetermined probability (for
example, 80% and the like) or more and the traffic conges-
tion is likely to occur, as the traffic congestion process, in
Step S07 and the process proceeds to Step S11 which will be
described later.

In addition, at least one or more other vehicles present
outside the vehicle are detected based on the signal output
from the radar device 12 to obtain the number of the detected
vehicles and output the vehicle to vehicle distance between
the vehicle and other vehicle in Step S08.

Next, the probability density f,(x) of the data point x
represented by the following expression (4) is estimated by
a kernel density estimation method using an appropriate
bandwidth h such that data X, (i=1, . . . , n) using the arbitrary
natural numbers i and n is set as a combination of the number
of the detection (for example, the number of the detected
other vehicles) and the number of the spectrum extreme
values (for example, the number of the extreme values of the
squared value (Ac?) at an appropriate time point in Step S09.

Next, as a traffic congestion estimation process using
Bayes’ theorem, each probability P(AIX) and P(BIX) rep-
resented by the above expressions (5) and (6) is calculated
and it is determined whether the probability P(AIX) that the
pattern A is generated next time is a predetermined value or
more and the probability P(BIX) that the pattern B is
generated next time is less than a predetermined value in
Step S10. Therefore, the presence of the possibility that the
traffic congestion can occur (or the traffic congestion is
likely to occur or the traffic congestion is not likely to occur)
is estimated.

Then, the position information such as the current posi-
tion of the vehicle and a predetermined region around the
current position on the map data is obtained from the
navigation device 13 and the estimation result of the occur-
rence of the traffic congestion and the position information
are associated with each other and stored in Step S11.

Next, for example, it is determined that an extreme value
is extracted from the time variation of the difference Aa. or
from the time variation of a predetermined parameter (for
example, a squared value (Aa)? or an absolute value |Aal)
by the difference Aa based on the difference Ac of the slope
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o so that whether the state of the traffic flow is the metastable
flow is determined in Step S12.

If the determination result is “NO”, the process proceeds
to Step S16 described later.

On the other hand, if the determination result is “YES”,
the process proceeds to Step S13.

Then, the target vehicle to vehicle distance required for
the vehicle to avoid the traffic congestion (for example, for
transitioning the state of the traffic flow from the metastable
flow to the free flow) is set and the autonomous traveling
control to maintain the target vehicle to vehicle distance, that
is, the vehicle to vehicle distance control which makes an
actual vehicle to vehicle distance equal to the target vehicle
to vehicle distance (for example, the following traveling
control) with respect to other vehicle (for example, a pre-
ceding vehicle) is performed in Step S13.

Then, it is determined whether the vehicle to vehicle
distance control in operation is stopped in Step S14.

If the determination result is “NO”, the process proceeds
to Step S16 described later.

On the other hand, if the determination result is “YES”,
the vehicle to vehicle distance control in operation is
stopped, for example, in case where a signal which instructs
operation of the vehicle to vehicle distance control to stop is
output from the switch 15 by an input operation of a driver,
or, for example, in case where the transition of the traffic
flow state from the metastable flow to the mixed flow is
detected.

In Step S16, the estimation result of the occurrence of the
traffic congestion and the position information are associated
with each other and a command to instruct change of the
traveling state of the preceding vehicle to a traveling state in
which the following vehicle of the preceding vehicle is not
likely to generate the traffic congestion (that is, a command
to instruct traveling control performance to avoid the traffic
congestion) is added and transmitted to the outside of the
vehicle so that the process proceeds to End.

As described above, in the method of traffic congestion
estimation according to the embodiment, it is possible to
estimate the occurrence of the traffic congestion without
relying on the information obtained from the outside of the
vehicle by using the detection result of the speed of the
vehicle (vehicle speed) which can be directly detected in real
time.

Moreover, an extreme value is extracted from the time
variation of the slope o of the power spectrum obtained by
analyzing the frequency of the detection result of the speed
of'the vehicle (vehicle speed) (for example, time variation of
the squared value (Ac.)” in the difference Ac. of the slope ¢
with a predetermined time interval) so that a formation
process of a vehicle group in front of the traveling direction
of the vehicle and the unique speed variance of the vehicle
when the state of the traffic flow transitions from the
metastable flow to the mixed flow can be detected. Due to
this, it is possible to easily estimate the occurrence of the
traffic congestion in the early stage of the time point before
the mixed flow is generated, and with high accuracy.

Furthermore, only with the extreme value of the time
variation of the slope o in the power spectrum caused by the
speed variance of the vehicle, even when uncertainty in the
traffic congestion estimation is high, the occurrence of the
traffic congestion is estimated by Bayes’ theorem using the
detection result of the traveling condition of the other
vehicle (for example, the number of the detected other
vehicles and the vehicle to vehicle distance between the
vehicle and other vehicle) so that the estimation accuracy
can be appropriately improved.
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In addition, the estimation result of the traffic congestion
is directly transmitted to the other vehicle or indirectly
transmitted to the other vehicle through an appropriate relay
station or like so that other vehicle is likely to avoid the
traffic congestion.

Moreover, the estimation result of the occurrence of the
traffic congestion is transmitted to the preceding vehicle
together with the signal which instructs the traveling control
performance in which the following vehicle avoids the
traffic congestion so that the vehicle is likely to avoid the
traffic congestion.

Furthermore, in a state where the degree of the freedom
of a driver is high like in the metastable flow in comparison
with the mixed flow, the autonomous traveling control to
avoid the traffic congestion of the vehicle (for example,
constant speed traveling control and vehicle to vehicle
distance control) can be performed, while, in the case where
the state of the traffic flow transitions to the mixed flow or
the like, an intention of a driver can be accurately reflected
in the performance of the autonomous traveling control and
the travel behavior of the vehicle by canceling the excessive
performance of the autonomous traveling control (for
example, cancellation of an automatic adjustment in vehicle
to vehicle distance).

In the above-described embodiment, although the vehicle
to vehicle distance detection unit 37 which detects a vehicle
to vehicle distance between the vehicle and other vehicle is
provided, there is no limitation thereto and the vehicle to
vehicle distance detection unit 37 and the process of detect-
ing a vehicle to vehicle distance may be omitted. In other
words, when the occurrence of the traffic congestion is
estimated by Bayes’ theorem, the traffic congestion estima-
tion unit 38 estimates the probability f,(x) of the data point
x based on the data X, (i=1, . . . , n) by the combination of
the number of the detection (for example, the number of the
detected other vehicles) and the number of the spectrum
extreme values at an appropriate time point. For this reason,
the traffic congestion estimation apparatus 10 may include
the vehicle speed sensor 11, a sensor capable of detecting the
number of other vehicles present in a predetermined range
outside of the vehicle and the like.

INDUSTRIAL APPLICABILITY

According to the present invention, it is possible to
appropriately improve the accuracy of the traffic congestion
estimation.

DESCRIPTION OF REFERENCE SYMBOLS

10 traffic congestion estimation apparatus
11 vehicle speed sensor

12 radar device

19 display unit

20 speaker

21 communication device

31 frequency analysis unit

32 slope calculation unit

33 time variation calculation unit

34 extreme value extraction unit

35 reflection point detection unit

36 other vehicle detection unit

37 vehicle to vehicle distance detection unit
38 traffic congestion estimation unit

39 traveling control unit

40 reporting control unit

41 communication control unit
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The invention claimed is:
1. A computer-implemented method of traffic congestion
estimation in a vehicle, comprising:

detecting, by a sensor, a speed of a host vehicle in a
predetermined period of time and outputting a speed
detection result;

analyzing, by a processing device installed in the vehicle,
a frequency of the speed detection result and outputting
a power spectrum that dynamically changes according
to the frequency of the speed detection result;

detecting, by the processing device, a slope of the power
spectrum in a predetermined frequency range and out-
putting a slope detection result; calculating a spectrum
of time variation of the slope within a predetermined
time interval and outputting a time variation calculation
result;

estimating, by a navigation device, an occurrence of
traffic congestion based on a current position of the host
vehicle obtained from a global positioning system and
the time variation calculation result of the slope, and
outputting an estimation result;

wherein the estimating comprises:

in response to detecting that an extreme value of the
spectrum of the time variation of the slope is greater
than or equal to a predetermined value, determining, by
the processing device, a speed variance of the host
vehicle indicating that a traffic congestion is likely to
occur due to an increasing number of vehicles in front
of and in a traveling direction of the host vehicle; and

in response to detecting that an extreme value of the
spectrum of the time variation of the slope is less than
a predetermined value and detecting traveling condi-
tions of vehicles in front of and in the traveling direc-
tion of the host vehicle, determining, by the processing
device, a speed variance of the host vehicle indicating
that a traffic congestion is uncertainly to occur due to a
decreasing number of vehicles in front of and in the
traveling direction of the host vehicle; and

canceling an execution of a vehicle distance adjustment
operation which automatically adjusts a vehicle to
vehicle distance between the host vehicle and a pre-
ceding vehicle when the estimation result indicates the
occurrence of the traffic congestion.

2. The method of traffic congestion estimation according

to claim 1, further comprising:

detecting a plurality of extreme values from the time
variation calculation result of the slope and outputting
an extreme value detection result;

detecting, by a radar device, a number of other vehicles
and inter-vehicular distances between the host vehicle
and the other vehicles and outputting a vehicle detec-
tion result; and

calculating, by the processing device, a probability
P(BIX) and a probability P(AIX) to estimate an occur-
rence of traffic congestion by using Bayes’ theorem as
follows:

PAIX) = PX|APA)
Al )= PR TAPA) + PX [BPB)
PBIX) = P(X|BDP(B)

P(X | A)P(A) + P(X | B)P(B)

when assuming that:
a pattern A where a traffic congestion is likely to occur and
a pattern B where a traffic congestion is uncertainly to
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occur are defined based on the plurality of extreme
values and the inter-vehicular distances;

data point X is defined as a combination of a number of
the plurality of extreme values and the number of the
other vehicles;

a probability P(XIB) is defined as a probability where an
event of the data point X is generated while a genera-
tion of the pattern B is set as a condition;

a probability P(XIA) is equal to (1-P(XIB)) and is defined
as a probability where an event of the data point X is
generated while a generation of the pattern A is set as
a condition;

a probability P(BIX) is defined as a probability where the
pattern B is generated in a next time while a generation
of the event of the data point X is set as a condition;

a probability P(AIX) is defined as a probability where the
pattern A is generated in a next time while a generation
of the event of the data point X is set as a condition;
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a possibility P(B) is defined as a previous value of the
probability P(BIX); and
a possibility P(A) is defined as a previous value of the
probability P(AIX).
3. The method of traffic congestion estimation according

to claim 1, further comprising:

transmitting the estimation result output to another
vehicle.
4. The method of traffic congestion estimation according

to claim 1, further comprising:

communicating with a preceding vehicle of the host
vehicle and transmitting a signal that instructs the
preceding vehicle to execute a traveling control thereof
so that a following vehicle of the preceding vehicle can
avoid the traffic congestion when the estimation result
indicates the occurrence of the traffic congestion.
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